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P^il  a 


1*  This  Is  the  final  report  on  tests  nerforoed  on  the  Lk  77  Hod  0 
Boob  (Fire- 750  lbs#)  equipped  with  canted  fins. 

2#  Tests  v~re  conducted  or.  the  boob  to  determines 

a#  Fit  on  all  aooliceble  stations  of  avt liable  service  tyoe 
aircraft. 

b.  Flight  characteristics  of  boob  and  plane  ccnbinatlon. 

c.  Separation  cnaractcri-ticr  in  drops. 

4.  Frae  flight  stability. 

a.  Tine  of  fall. 

f.  Spinning  rata. 

g.  Cratering  characteristics. 

h.  Functioning  characteristics  of  fuse**, 

1.  ikpnroxiaate  spread  of  bont  contents. 

3*  It  was  determined  that* 

a.  The  bosib  fits  satisfactorily  on  ring  and  center  stations  of 
the  F7F-3,  the  elng  racks  of  the  *D-2,  a ni  the  oort  and  starboard 
pylons  or  the  F4C-$  provided  that  no  aore  than  PO  degrees  of  flaps 
are  used. 


b.  There  is  apparently  no  vibration  in  fllcht.  and  there  is  no 
appreciable  deforeatlon  of  the  borb  other  than  a slight  twisting 
between  the  sections  at  speeds  u*?  to  300  knots. 

c.  T:te  boat  sera  rates  cleanly  *hen  dro-tred  froo  the  F 4U-5  and 

aircraft. 

d.  Flight  stability  Is  excellent. 
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o*  Time  of  fall  from  3500  foot  and  750  knots  indict  ted  airspeed 
in  horizontal  flight  Is  approximately  13*5  seconds.  lino  of  fall 
from  3500  foot  and  250  knots  alrspood  In  a dive  of  approximately 
60  degrees  It  nlno  (9)  seconds. 

f*  The  spin  roachcd  a maximum  of  923  r.p.m.  just  prior  to 
iapact  for  the  horizontal  drops,  and  *&s  approximately  600  r*p*a. 
for  tho  diving  drop  just  prior  to  impact* 

g*  The  average  dimensions  of  tho  crators  rare  approximately 
flvo  C5)  feot  deop  by  eight  (8)  feet  in  dlamotor* 

h*  One  (1)  of  tho  two  (2)  fuzos  recovered  (tall  fuzo  on  drop 
nuabor  3)  did  not  ara  although  the  arming  wire  had  pulled  free.  The 
other  fuzo  (noso  fuze  on  the  diving  drop;  had  armed  and  would  havo 
flrod. 

1*  Spread  varlod  froa  20  to  60  foot  forward  of  tho  crater  and 
mas  10  to  20  foot  wide  respectively  for  the  horizontal  drops.  The 
dlvo  drop  had  a spread  60  foot  long,  30  fro t ahead  of  tho  crater, 

tho  aproad  was  40  foot  across.  Tho  shape  of  the  sprerd  rosooblcd  a 
diamond,  with  tho  sharp  point  at  the  crater* 

4*  Conclusions! 

a*  Tho  boat  equipped  rlth  canted  fins  has  a high  rato  of  spin 
and  excollont  flight  stability. 

b*  Tho  tail  fuzo  recovered  did  not  arm  olthor  bocauso  of  bomb 
spin  or  lack  of  air  flow  past  the  arming  vanes  in  tho  rocossod  voll. 

5.  Roccaaendatlonss 

It  is  recommended  that  the  effect  of  bomb  spin  on  arming  vanes 
of  fuzes  loc^tod  along  tho  centerline  of  the  best  bo  invest lgatod. 
Thia  spin  acting  in  the  same  direction  of  rotation  of  tho  arming 
vanes'  action  In  arming  the  fJto  say  prevent  arming  froa  taking  place. 
It  la  further  rccoeac.dod  that  live  drops  be  redo  to  provide  sore 
definite  information  as  to  sprosd  of  the  napalm  gel  since  the  inert 
mixture  usrd  is  difficult  to  so o and  measure  against  earth. 
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1.  AUTHORITY! 

Theso  tests  wore  authorized  by  roforcncc  (a)  and  conducted  urJor 
Task  Asslfancnt  NPS-Rt 3c-321-l-53  established  by  reference  (b). 

2.  R2F2l£?:C2Cs 

o.  BIC.J)  Rost  ltr  Ro3c-RS!j*g£  P41-6  of  24  Lcr  1953 

b.  BUQIiP  Conf  ltr  UPS  ReBc-hEKsmp  Sor  42777  of  29  Jul  1952 

c.  KaVTROY  ltr  or/i^HKf'sc  a1V3c  321-1  S-r  3059S  of 
25  Fob  1953  to  SGOnL 

d.  F0W3C0N  betreon  LT  E.  2.  Ilouto n,  nPG.  and 

Ur.  R.  2.  Hioderstrasaer , PlCJiD.  or.  1 Apr  1953 
o,  WPG  Report  Wo.  838  of  28  ..ug  19$ 1 

3.  DACKGROUWDs 

In  ordor  to  laprovo  the  spread  of  gel  on  scdlua  altltudo  re-looses, 
attempts  have  bcon  atdo  to  spin  tho  flro  boeb.  Erratic  results  ro re 
obtained  froo  attempting  to  spin  the  boeb  by  attaching  tabs  to  the 
fins.  These  tests  woro  raportod  In  reference  (c).  The  canted  fins 
woro  developed  In  an  effort  to  obtain  aorc  reliable  rpln  and  to 
lmprov©  the  stability  of  the  spinning  boob. 

4.  OBJECT  C?  TEST l 

The  object  of  the  tost  is  to  dotcmlnc  the  feasibility  of 
spinning  t fire  bomb  by  ccrns  of  canted  fins  to  inorovc  its  over?  11 
effectiveness  whan  aroppod  froo  3500  feet  in  horizontal  and  divo 
a It  J ♦hides. 


PERI  CD  OF  TESTS 

a.  Date  Project  Lottcr 

b.  Date  Material  Received 

c.  Date  Coaoencod  Ucdifylng  Fins 

d.  Date  Coataonced  Tests 
o.  Date  Completed  Tests 

afiPKSSENTATlYB  PHSSK.VTs 

h.  t.  KKdar stress  r 


24  Larch 
"54  Larch 
1 April 
16  April 
24  April 


1953 

1953 

1°53 

1^53 

1953 
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7.  DESCRIPTION  OF  ITS!  UNDER  TEST* 


The  boob  tested  wns  & standard  lTk  77  Mod  0 Boob  (Piro-750  lbs.) 
inert  loaded  and  equipped  rrith  inert  U23  Igniters  end  inert  11173 
Fuses  and  further  equipped  rith  modified  canted  fins  insto&d  of  the 
standard  fins  or  fins  and  shrouds.  The  noso  and  tail  cones  ro re  not 
installed.  The  fins  are  manufactured  of  ST  aluminum,  3/16  inch  in 
thickness  end  18  inches  in  length  along  the  root  chord.  The  fins 
-'’■re  roldoo  at  an  ancle  to  an  adaptor  which  bolted  to  tho  boob.  The 
angle  of  fir*  to  the  fore  and  aft  centerline  of  the  boob,  end  to  the 
adapter,  is  about  10  degrees.  Actual  measurements  are  given  in 
Tablo  X*  Reference  (c)  authorised  the  modification  of  the  fins  as 
follows*  The  fins  wore  strengthened  by  bolting  & 3/8  inch  stool  rod 
1-1/2  Inches  down  and  in  from  the  outboard  after  corner  of  two  (2) 
adjacent  fins,  and  bolting  rods  between  the  next  two  (2)  fins  as 
close  as  practical  to  the  bolts  usod  in  the  first  two  (2)  fins. 
Figures  1 through  4 show  the  bomb  before  and  after  modification* 

8*  DESCRIPTION  OF  TEST  EcyiPUSItfl 

a.  The  following  aircraft  wore  used*  F7F-3,  AD-2,  and  F4U-5. 

b.  A Lltchcll  chronograph  camera  oquiwood  idth  a 40  inch  lens. 
9.  PROCEDURE* 


a*  Assembling 


i iW  UUVC9  rvri-  as 

rented  1 'ins  rare  modified 
re  re  Installed* 


sCabled  without  uusu  Or  tt.i  1 CO  fit  r.«  1 fi»‘i  thu 

• Inert  U23  Irnitcrs  md  inert  «X?3  Futos 


b.  Fit  Tests 

The  following  aircraft  were  us*d  for  these  tests*  P7F-3* 
AD-2,  and  ?4U- 5.  Cn  the  F7F-1  and  *D-2  aircraft,  the  bomb  was  hung 
o«  the  center  rack  and  one  (1)  wing  rack.  (The  center  rack  of  the 
F7F-3  has  been  changed  at  this  activity  to  a 51  Mod  11  Rack.  Thi 

is  not  standard  equipment.)  On  the  F4U-5,  the  bomb  was  hung  on 
one  (1)  pylon  rack*  live  landing  flaps  were  actuated  on  all  aircraft 
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c.  Flight  Tests 

One  (1)  boob  was  loaded  with  water  containing  a snail  amount 
of  fluorescent  dye.  The  purpose  of  the  dye  was  to  give  visual  proof 
of  any  tendency  of  the  boob  sections  to  separate  or  warp.  This 
separation  or  warp  might  be  caused  by  the  canted  fins  twisting  the 
after  section  of  the  bomb  while  the  middle  section  was  hold  rigid  by 
the  bomb  rick  and  sway  braces, 

d.  Aircraft  Drop  Tests 

Four  (4)  boobs  ?*ere  inert  loaded  to  weight  with  a dry  mixture 
of  granulated  cork  and  Portland  cement.  Inert  IS23  Igniters  ond  IZ173 
Fuzes  were  installed.  Three  (3)  boobs  were  drooped  frets  the  F4U-5 
aircraft  in  horizontal  flight  at  an  altitude  of  about  3500  feet  and 
250  knots  indicated  airspeed.  The  fourth  boob  was  dropped  frcs  an 
AD-2  aircraft  in  a dive  of  £0®  from  3500  feat  and  250  knots  indicated 
airspeed.  Motion  picture  coverage  of  release,  flight,  and  impact 
data  was  aede  with  a Mitchell  chronograph  camera  equipped  with  a 
40  inch  lens, 

10.  RESULTS  AND  DISCUSSIONS 

The  aodification  of  the  Kk  77  Mod  0 Fire  Bosab  to  take  canted 
fins  does  not  differ  materially  in  fit  or  flight  tests  from  the 
standard  Mk  77  Mod  0 Fire  Bomb  as  reported  in  reference  (e).  The 
canted  fins  and  strengthening  thoreto  do  not  cause  additional 
interference  on  the  aircraft  on  which  fit  tosts  rare  conducted.  The 
F4U-5  cannot  carry  the  bomb  when  raore  than  20  degrees  of  flaps  are 
used*  The  bomb  interferes  with  oil  cooler  door  operation  on  the  AD 
aircraft,  and  thcrofore  cannot  be  carried  operationally  on  the  boat) 
ejector  rack.  Behavior  of  the  modified  bomb  in  flight  tests  'as  the 
same  as  that  of  the  unmodified  bomb.  Results  of  fit  and  flight  data 
are  presented  in  Table  II  and  Table  III,  respectively.  The  canted 
fins  provide  the  Mk  77  Mod  0 Bomb  with  a vory  stefcio  and  smooth 
flight.  The  canted  fins  eliminate  the  erratic  spin  and  instability 
heretofore  cnccuntored  in  attempting  to  sake  the  fire  bomb  spin,  but 
the  results  of  this  tests  are  inconclusive  as  to  the  effectiveness 
of  Increasing  napalm  spread.  Drop  data  is  pivon  in  Table  IV,  The 
tail  fuze  recovered  from  bomb  number  3 *'as  disassembled  and  showed 
that  although  the  arming  rlrc  had  pulled  free,  the  fuze  had  failed 
to  arm,  A possibility  exists  that  the  fuze  was  not  pre-ersed  by 
rotation  of  the  arming  vane  on-'  (1)  full  turn.  Impact  forces  *-o re 
sigh  enough  to  Jcs  the  firing  pir.  sleeve  past  the  safe  position  arid 
into  a 1/4  fired  position,  Plgurcs  7 through  11  show  the  fuze  and 
relative  posit  ions  of  the  firing  pin  tr.d  sloovo  In  the  full  safe 
position  and  a 5 found,  * 
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11  • Sccfcuso  of  fit  problems,  tho  Kk  77  Mod  0 Fire  Bomb  with  canted 
fins  e&nnot  be  used  by  F4U  squadrons  operating  at  sea.  Tho  ytv  and 
pitch  of  tho  boob  encountered  in  tho  drop  mado  in  tho  60  dogroo  divo 
aid  referred  to  in  Table  IV  could  havo  boen  causod  by  tho  aircraft 
being  in  a skid  upon  release  of  the  boob.  Position  of  the  cameras 
was  such  that  the  condition  could  neither  be  proved  nor  disproved  by 
film  assessment*  Fuze  arming  action  in  the  tail  of  the  Uk  77  Mod  0 
Fire  Boob  is  net  positive.  air  flow  over  the  tall  cone  may  be 
turbulent  and  of  Insufficient  amount  to  cause  the  arming  vane  to 
rotate  to  the  completely  armed  position.  The  effect  of  boob  spin  on 
vane  action  may  be  such  as  to  prevent  arming.  There  does  not  appear 
to  be  any  difference  in  the  size  of  the  crater  made  In  horizontal 
drops  from  that  made  in  a high  angle  release  from  the  same  altitude 
and  airspeed.  It  was  noted  that  most  of  the  bomb  and  the  nose  fuze 
bounced  out  of  the  crater  and  landed  approximately  20  feet  ahead  of 
the  crater  in  the  dive  bombing  drop.  This  effect  might  have  been 
caused  by  spongy  aerth.  The  earth  was  soft  and  wet  near  the  surface. 


Z 


12.  It  Is  recocKionded  that  live  drops  be  made  to  obtAin  accurate 
spread  measurements  in  loth  horizontal  end  diving  releases.  It  is 
further  recommended  tnat  boot  spin  effect  on  centerline  mounted 
fuzes  be  investigated. 
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The  tests  upon  which  this  report  Is  based  rrere  conducted  by: 
S,  5,  MGUTCN,  Lieutenant,  DSN 

Assistant  Aircraft  Ordnanco  Stores  Officer 
Aviation  C*.Mnance  Department 

This  report  was  prepared  by: 

£•  E.  MCUTOH,  Lieutenant , USN 

Assistant  Aircraft  Ordnance  Stores  Officer 
Aviation  Ordnance  Department 

This  report  was  reviowod  by: 

J.  A,  FETTERS.  Hoad  Engineer 

Aircraft  Ordnance  Stores  Division 
Aviation  Ordnance  Department 
A,  ?•  LYNN,  Licutonant  Commander,  DSN 

Aircraft  Ordnanc •:  Stores  Officer 
Aviation  Ordncnc^  Department 
J,  C.  TALLEY,  Director  of  Research 

Aviation  Ordnance  Department 
J,  D,  *oTSON,  Lieutenant  Commander,  DSN 

Assistant  Aviation  Ordnanco  Officer 
Aviation  Ordnanco  Dv.partir.~nt 
F,  A*  :CSOU,  Crptr.ln,  DSN 

Aviation  Ordnanco  Officer 
Aviation  Ordnance  Department 
C,  C,  BRaI/ILE,  Director  of  Rcsoarch 
Ordarnco  Group 


APPROVED!  w , 7.  fcYAKS 
Captain,  DS!I 

Commander,  Ncvcl  Proving  Ground 


Iff  R&ck «a ' 

Captain,  DSN 
Ordnanco  Offic. 


By  diroctlon 
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2m_xi 


UUS3H  StLklimil 


Typo  Station  and 

Aircraft  - Hock 

AT*-3  Starboard  Win* 

ft  5i~n 


iS>- 2 Cantor  Douglas 

Beet  Ejector 


F40-5  Starboard  pylon 
1ft  51-11 


m 

4*1/2  inches  clearance 
frea  rod  to  flap.  Wo 
interference  between 
flap  and  fin?, 

3 inch  clearance  be- 
tween roi  and  fuselage. 
Oil  cooler  door  opens 
only  1/4. 


4 inch  clearance  bo- 
too  on  fin  and  deck. 
Flaps  interfere  at  20*. 


Rorarkg 

Clearance 

Satisfactory 


Interference 
between  note 
section  of  boob  and 
oil  coolar  door, 
unsatisfactory. 

Unsatisfactory  at 
ties  aore  than 
flaps  are  needed. 


F7F-3  Port  Win* 
t&  51*11 


Wo  interference  and  Satisfactory, 

sufficient  clearance. 


FT? -3  Center 

Kk  51*11 
(Wot  standard 
equlpeent) 


1/2  in'-b  cloaranco  bo-  Satisfactory, 

tenon  rod  end  fusolsge.  Soto  that  14  inch 

suspension  is  not 
standard  oquipeont 
for  this  station. 


s&r.Turr  mpcmaTIcs 
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m&jn 

Typo 

Tisa/Airapaod 

Aircraft 

(to)  / (HU) 

B»  aortal 

AD-  2 

30/20C 

Modlua  leak  betwocn  aft  aad  aid  sections  at  bottoa 
of  boab.  Connecting  rod  nooo  mat  opening  eoaaonoad 
locking. 

AD-2 

15/225 

Ho  leakage  betwoen  aft  and  aid  woe t iocs.  Slight 
leakage  between  forward  and  aid  sections  -long 
bottoa  of  boab. 

AD-2 

15/250 

Slight  leaks  between  aft,  aid,  and  forward  soctiona, 
Hoac  nut  continued  leaking. 

AD-2 

15/250 

Slight  leak  between  aft  and  aid  soot lan.  Hose  nut 
continued  looking. 

F7P-3 

8/3' C 

Vory  slight  look  at  nose  nut.  All  other  looks 
stopped. 
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IPG  FSPORT  BO.  1136 


Tost  of  8k  77  Bod  0 Best  (rim-750  lbs.)  rith  Canted  Pin* 


MLfl 


P30f-B AIA 


Drop 

So. 

Typo 

*l££i aCS 

Date 

1222 

Release  Alt(ft)/ 
.^rsp^pd  Qctff) 

Tie®  of 
Flight 

JiasL 

Jtspact 

SSitL^M 

Ro aarks 

1 

m-5 

4/16 

3500  ft/250  kts 

13.5 

923  rp« 

Boriso^tal  flight 
Excellent  stability 

2 

no-5 

4/17 

35CO  ft/250  kts 

— 

750  rpa 

Horizontal  flight 
Excellent  stability 

3 

no- 5 

4/1? 

3200  ft/200  kts 

13.5 

79)  rps 

Horizontal  flight 
Excellent  stability 
See  Hote  #1 

A 

AD-2 

4/24 

3 3CC  ft/250  kts 

9 

600  rpm 

60®  Dive  - Slight  ys* 
and  pitch  throughout 
flight. 

V&u  1:  Aircraft  pilot  dselamd  as  osorgeney,  and  although  originally  scheduled 

a*  a diving  drop,  tho  boab  was  mlsassd  in  horizontal  flight  as  pilot 
returned  to  base. 
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